In this paper, we consider the two-sided first exit problem for jump diffusion processes having jumps with rational Laplace transforms. We investigate the probabilistic property of conditional memorylessness, and drive the joint distribution of the first exit time from an interval and the overshoot over the boundary at the exit time.
Introduction
Consider the following jump diffusion process Recently, one-sided and two-sided first exit problems for processes with two-sided jumps have attracted a lot of attentions in applied probability (see [1] [2] [3] [4] [5] [6] [7] ). For example, Perry and Stadje [1] studied two-sided first exit time for processes with two-sided exponential jumps; Kou and Wang [2] studied the one-sided first passage times for a jump diffusion process with exponential positive and negative jumps. Cai [3] investigated the first passage time of a hyper-exponential jump diffusion process. Cai et al. [4] discussed the first passage time to two barriers of a hyper-exponential jump diffusion process. Closed form expressions are obtained in Kadankova and Veraverbeke [5] for the integral transforms of the joint distribution of the first exit time from an interval and the value of the overshoot through boundaries at the exit time for the Poisson process with an exponential component. For some related works, see Perry et al. [8] , Cai and Kou [9] , Lewis and Mordecki [10] and the references therein.
Firstly, we prove that for given 0
where  is an arbitrary positive constant. Applying
Rouchés theorem on the semi-circle r , consisting of the imaginary axis running from to and with radius 
, the stopping time
.
Proof. Firstly, we prove (2.1) and (2.3). It suffices to show 
Corollary 2.4. For any , we have 0
Remark 2.6. When , , (2.1) and (2.3) reduce to Equations (8) and (9) of Cai [3] , respectively.
Main Results
In this section, we study the distribution of the first exit problem to two barriers. We first define three vectors:
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where satisfies π π .
Moreover, when is a non-singular matrix, D  is the unique solution of (3.2), i.e., 
Combining these equations, we get 
where the last term of the above equation is a mean-0 martingale. This implies that
By simple calculation, the function   e 
u and we have (3.1). If is non-singular, we have . This completes the proof. , , 1) and (3.6) reduce to equation (6) and (15) of [4] , respectively. 
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is determined by the linear system . Here 
where   T1  2  1 1  2  1 , , , , , , ,
is determined by the linear system
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2) For and any
where   T1  2  1 1  2  1 , , , , , , , 1 . 
